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ABSTRACT: This study looks at how pre-existing values influence audience processing of scientific information 
about GMOs, and how that may affect the audience’s interpretation of the message regardless of the 
communicator’s credibility or trustworthiness. Results show that attitude accessibility, agricultural identity, and in 
some cases, a biospheric value orientation were the most important predictors for a number of constructs related 
to GMO attitudes. Agricultural identity did not correlate with other value orientations, yet was the strongest 
predictor of many related attitudes. These results support previous ELM research and emphasize the complex 
nature of science and persuasive communication. 
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1. INTRODUCTION 
Communicating complex science to the public is a difficult task (Besley & Tanner, 2011; 
Davies, 2008). Communicating agricultural science has an additional level of complexity 
because of strong, polarizing values held by various audiences about the topic (Hart & Nisbet, 
2012). Scientists and communicators often conceptualize their communication of agricultural 
science as the transmission of facts to an information-deficient audience, with a focus on how 
to best portray objectivity (Hart & Nisbet, 2012; Juanillo, 2001). While in some situations this 
approach can be useful, it fails to recognize that the receiver of the message brings their own 
values to the interpretation of the message (Goodwin, Chiarelli, & Irani, 2011; Hart & Nisbet, 
2012). 
 One timely topic within this agricultural science context is genetically modified 
organisms (GMOs). GMOs were introduced in the 1980s and since then, many in the 
agriculture community have attempted to communicate the positive aspects of the technology 
to various audiences. Although scientific evidence suggests GMOs are safe for human 
consumption, many audiences doubt these findings and oppose GMO technology due to 
perceived health risks. Other audiences oppose GMOs for different reasons, such as possible 
environmental risks or a perceived shift away from family farms (Borlaug, 2000; Frewer, 
Howard, Hedderly, & Shepherd, 1997; GMO, 2011; Herrera-Estrella & Alvarez-Morales, 
2001; Johnson, 2014; Schmidt, 2015). GMOs represent a relevant communication context for 
the study of values because the current social debate extends far beyond the science to often 
focus on more value-based arguments about morality, economics, or justice.   
 According to the Elaboration Likelihood Model (ELM), people process messages in 
one of two ways, using either the peripheral route or the central route (Rucker & Petty, 2006). 
Audiences with low motivation and/or ability to interpret information are more likely to use the 
peripheral route where their evaluation is based on cues present in or around the message, such 
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as the perceived credibility of the source of the message, the mood of the recipient or a number 
of other surface-level factors that impact positive or negative emotions (Bhattacherjee & 
Sanford, 2006; Briñol & Petty, 2015; Rucker & Petty, 2006; Petty & Cacioppo, 1986). In 
contrast, audiences with high motivation and/or ability to interpret information are more likely 
to use the central route where their evaluation is instead based on a careful consideration of the 
arguments present in the message (Cacioppo, Petty, & Morris, 1983; MacDonald, Milfont, & 
Gavin, 2015; Petty & Briñol, 2015; Petty & Cacioppo, 1986; Rucker & Petty, 2006). Central 
processing does not necessarily correlate with either support or opposition for a particular topic 
but instead represents that the information was carefully considered. 
 The ELM acknowledges that audiences have their own preconceived values (Rucker & 
Petty, 2006; Petty & Cacioppo, 1986) and these pre-existing values will affect their motivation 
to process a message—therefore also affecting the processing pathway used to comprehend a 
message (Cacioppo, Petty, & Morris, 1983; MacDonald, Milfont, & Gavin, 2015; Rucker & 
Petty, 2006; Petty & Briñol, 2015; Petty & Cacioppo, 1986). Returning to the context of 
GMOs, if scientists and communicators would consider the pre-existing values of their 
audiences, they would likely be able to construct messages about GMOs that encourage 
audiences to process information centrally, and possibly, consider novel information when 
forming attitudes about GMOs (Bhattacherjee & Sanford, 2006; MacDonald, Milfont, & 
Gavin, 2015; Petty & Cacioppo, 1986; Rucker & Petty, 2006). 
 The current study aims to explore this question by examining the effects of GMO 
messages through the theoretical lens of the ELM, while taking audience values into account. 
Specifically, this study will explore how pre-existing values influence attitudes about GMOs 
and if aligning messages about GMOs with these values can lead to a greater chance of central 
processing, and subsequently, greater alignment with message-congruent attitudes. 
2. LITERATURE REVIEW 
2.1 Values and Agricultural Identities 
A person’s individual values are described by Hitlin (2003) as “deeply personal but socially 
patterned and communicated” and “are essential for understanding social identity” (p.119). 
Values are essential for understanding a person’s personal identity as personal identity is 
produced through commitments of the values (Hitlin, 2003). Multiple values about the same 
topic can form a value orientation. A value orientation is defined as “clusters of compatible 
values or value types” (Hansla, Gamble, Juliusson & Gärling, 2008, p. 2). Similarly, personal 
identity is defined as “a subjective awareness and experience of inner content, coherence, 
continuity, uniqueness, self-boundaries and self-worth” (Pilarska, 2016, p. 85). This identity is 
made up of a variety of individual factors including concepts, beliefs, and desirable behaviors 
(Hitlin, 2003). Unique to every person, an identity influences how a person conducts 
themselves and evaluates others’ behavior (Hitlin, 2003; Pilarska, 2016). 
 The concepts of personal values and identity share five characteristics. First, both 
involve concepts and beliefs and secondly, are formed with a desirable end-state or behavior in 
mind (Hitlin, 2003; Schwartz, 2012). These first two characteristics tie a person’s values and 
identity to their ideal self. The third characteristic shows that both a person’s values and their 
identity remain strong regardless of the situation. The fourth shared characteristic is 
influencing how a person chooses and responds to others’ behaviors and actions (Hitlin, 2003; 
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Schwartz, 2012). The final characteristic shared by both values and identity is that the 
individual orders them by importance (Hitlin, 2003; Schwartz, 2012). There are parts of a 
person’s identity, based on their order of values, which are at the core of a person’s self or 
more important than others. While situations may require certain aspects of a person’s identity 
or values, the core aspects do not change. 
 The Norm Activation Theory of Altruistic Behavior proposes three value orientations: 
egoistic, a concern for oneself; altruistic, a concern for others; and biospheric, a concern for the 
environment itself (Schultz, 2001; Swami, Chamorro-Premuzic, Snelgar, & Furnham, 2010). 
This triad of value orientations has been tested and replicated by many researchers. Swami et al 
(2010) tied them to larger personality traits finding that biospheric values can significantly 
predict a person’s age and political orientation as well as other personality factors. Schultz 
(2001) found that egoistic and biospheric values were significantly correlated with the values 
of self-enhancement and self-transcendence. Participants with egoistic values were more likely 
to be interested in self-enhancement, a preference for positive self-views, and not interested in 
self-transcendence, instead considering themselves an important part of the universe (Schultz, 
2001). In contrast, participants holding biospheric values were more likely to be interested in 
self-transcendence and not in self-enhancement (Schultz, 2001). 
 Within an agricultural context, another structure of values is associated with an 
individual’s agricultural identity, a set of beliefs and values built over time and based on how 
agricultural experiences and knowledge have (or have not) been present and incorporated into 
an individual’s life (Alho, 2015; Hitlin, 2003). Other influences on agricultural identity include 
having an immediate family member work in agriculture as well as the number of interactions 
they had with a farmer (Alho, 2015). Neal and Walters (2008) support this idea finding that a 
person who grew up on a farm, but has since moved away, still has a deeply embedded 
relationship with farming culture. This was also found by Cassidy & McGrath in their 2014 
research. People with a strong agricultural identity are more likely to rely on their own 
experiences and geographical local knowledge than typical authorities, are more likely to 
invest in local food production, and are less likely to want organic certification (Alho, 2015; 
Selfa, Jussaume & Winter, 2008). Individuals with a low agricultural identity report having 
more “concern and caution” about the environmental risks of GMOs (Selfa et al, 2008, p. 269).   
 As the proportion of society involved in agriculture continues to decrease (Chassy, 
2007) there is a growing disconnect between people with high and low agricultural identities 
(Goodwin et al 2011; Martin, 2016; Perez & Howard, 2007; Whitford, 1993). The disconnect 
has led to a number of conflicting views around social controversies surrounding agricultural 
topics. 
 Of course, agricultural identity is just one of many possible factors underlying these 
social debates. Additional factors such as value-orientations defined by the Norm Activation 
Theory, political ideology or general demographic factors are also likely influencing opinions 
(Schultz, 2001; Swami et al, 2010). 
 As part of the farm-to-table movement, people with few ties to production agriculture 
are becoming more interested in what products are being used on their food and what influence 
those products have on the atmosphere and the environment (Goodwin, Chiarelli, & Irani, 
2011; Govindasamy, Italia, Thatch, & Adelaja, 1998; Whitford, 1993). At the same time, 
farmers would like consumers to learn more about agriculture, and to better understand the 
decisions necessary to the production of food (Goodwin et al, 2011; Martin, 2016). This 
suggests that better understanding of how to communicate about agricultural science in ways 
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that take individual values and identities into account may help some scientists and 
communicators move toward their goal of sharing the positive aspects of one of the most 
contentious areas of agricultural technology, GMOs. 
2.2 Genetically Modified Organisms 
Genetically Modified Organisms (GMO) in production agriculture were introduced in 1988 in 
soybeans (Borlaug, 2000; Chassy, 2007). The ability to breed specific resistances into a plant 
offers benefits to agriculture producers, such as reducing the amount of chemical applications 
needed to protect the plant against disease, weeds and other pests. 
 While GMOs have become widely-used globally, there are still many who believe 
altering the DNA of plants, especially those meant for human consumption, could cause 
unforeseen damage. Thousands of consumer, environmental, and charitable non-government 
organizations have fought against the production and sale of GMOs (Borlaug, 2000; Chassy, 
2007). There are several reasons for this opposition, including unknown long-term effects on 
human health and/or the environment, not wanting scientists to ‘play God’ and, according to 
Chassy (2007), the drive to market and sell non-GMO products at a higher price. 
 This myriad of arguments is why GMOs represent one of the timeliest societal conflicts 
regarding agriculture (Borlaug, 2000; Besley & Tanner, 2011; GMO, 2011; Goodwin et al, 
2011; Herrera-Estrella & Alvarez-Morales, 2001; Johnson, 2014; Juanillo, 2001; Martin, 2016; 
Miller, Annou, & Wailes, 2003; Perez & Howard, 2007; Schmidt, 2015). Opponents argue that 
scientists do not know enough about GMOs and are gambling with the public’s health (GMO, 
2011; Herrera-Estrella & Alvarez-Morales, 2001; Johnson, 2014), and that there are unknown 
or long-term environmental issues (GMO, 2011; Schmidt, 2015). Instead, those opposed to 
GMOs often push for a return to traditional agriculture (Goodwin et al, 2011; Martin, 2016; 
Perez & Howard, 2007), and value food being produced sustainably and in a way that is good 
for the environment (Govindasamy et al, 1998; Martin, 2016; Whitford, 1993). Supporting 
these concerns are the 27 European Union countries and a growing number of others around 
the globe, many of whom have outlawed the importing of GMO products or cultivation of 
them domestically (GMO, 2011). While most groups in the United States have not called for a 
complete ban, they have begun pushing legislation at the state and national levels that would 
require foods produced with GM products to be labeled (GMO, 2011). 
 Many in the agriculture industry, on the other hand, see mostly benefits to 
biotechnology (Frewer et al, 1997; Herrera-Estrella & Alvarez-Morales, 2001). Genes in row 
crops have been modified to provide disease, insect and weed resistance, meaning fewer 
applications and reduced chemical use (Borlaug, 2000; Herrera-Estrella & Alvarez-Morales, 
2001; Johnson, 2014; Juanillo, 2001; Schmidt, 2015). Additionally, GMO technology allows 
for the identification and reproduction of desirable traits more quickly than traditional 
crossbreeding. The predominant argument from the agriculture industry about GMOs is they 
are necessary to fulfill the farmer’s responsibility to feed the world (Borlaug, 2000; Herrera-
Estrella & Alvarez-Morales, 2001); it is estimated that by 2050, there will be 9.3 billion people 
on the earth (Borlaug, 2000, p. 487). Genetically modified plants allow farmers to grow more 
produce on less land with less applied product, making it an option for farmers both in the U.S. 
and internationally (Borlaug, 2000; Herrera-Estrella & Alvarez-Morales, 2001). The 
agriculture industry also emphasizes scientific studies showing no negative health effects to 
either humans or the environment as a result of exposure to GMOs (Borlaug 2000; Herrera-
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Estrella & Alvarez-Morales, 2001; Schmidt, 2015). This conflict has led to a number of 
research studies exploring how communicating about GMOs can influence perceptions about 
the issue. 
2.3 Communication about GMOs 
Even outside the realm of agriculture, communicating science with the public is viewed by 
scientists as difficult and potentially dangerous (Besley & Tanner, 2011; Davies, 2008). 
Despite an increase in interactions between scientists and the media, many scientists still 
believe information is reported inaccurately (Besley & Tanner, 2011; Davies, 2008). In a 
survey of scientists, 49% said oversimplification of science by the media was a “major 
problem” (Besley & Tanner, 2011, p. 242). Contributing to the problem, according to 76% of 
scientists, is reporters’ inability to distinguish good science from bad science (Besley & 
Tanner, 2011, p. 242). Once science is reported, there is still the fear that the public cannot 
understand the science and may misuse it (Davies, 2008).  
 Much of this previous research shares a similar assumption that communicators need to 
educate an ignorant audience about the science of GMOs. This assumption is embodied by the 
deficit model, which is “the belief that public skepticism toward modern science is caused by a 
lack of adequate knowledge about science” (Besley & Tanner, 2011, p. 243). In order to fill 
this deficit, “increased communication and awareness about scientific issues will move public 
opinion toward the scientific consensus and reduce political polarization around science-based 
policy” (Hart & Nisbet, 2012, p. 701-702). To put it simply, the public does not know about 
science, but if provided with enough information, they will understand things in the same 
manner as scientists. 
 The deficit model also embodies the belief that communication is a one-way transfer of 
information (Davies, 2008). In this model, scientists communicate what they have to say and 
hope the receivers of the message are persuaded by the scientist’s point of view (Davies, 
2008). The top reasons scientists give for communicating with publics are to educate, 
specifically to reassure publics and not scare them, and to recruit future scientists to the 
profession (Davies, 2008). 
 However, the deficit model does not accurately capture how science communication 
works (Hart & Nisbet, 2012). This model does not take into account pre-existing beliefs, 
opinions, or values the audience may have (Hart & Nisbet, 2012), which will act as a screen for 
information (Goodwin et al, 2011; Hart & Nisbet, 2012). People are more likely to pay 
attention to information that reinforces, rather than challenges, what they already believe 
(Goodwin, et al, 2011; Hart & Nisbet, 2012). The interpretation of information, even scientific 
information, will change from person to person depending on their pre-existing beliefs 
(Goodwin et al, 2011; Hart & Nisbet, 2012). 
 Often when individuals read about a controversial agriculture topic, they already hold 
an opinion about the topic (Folkerth, 2015; Hart & Nisbet, 2012). Complicating this is the 
politically polarizing stances many agricultural issues bring (Hart & Nisbet, 2012). Research 
has shown that exposure to messaging about a politically polarizing issue that conflicts with a 
person’s current beliefs may have the opposite effect than what was intended (Hart & Nisbet, 
2012). 
 News stories, advertisements, friends, family, peers, professional organizations, and 
political groups can all have an impact on a person’s values and beliefs (Bhattacherjee & 
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Sanford, 2006; Goodwin et al, 2011; Hart & Nisbet, 2012). Some people may hold onto those 
values so strongly that they become an identity marker. An identity marker is a “characteristic 
associated with an individual that they might choose to present to others” (Hart & Nisbet, 
2012, p. 706). This marker allows them to differentiate themselves from others, solely based on 
such an identifier. Some people support or oppose agriculture topics strongly enough that they 
consider their stance an identity marker (National Resources Defense Council, 2017; Whitford, 
1993; Young, 2017). What is needed is a better understanding of how to craft messages in such 
an environment that will persuade audiences to actually attend to and process the information 
at hand rather than merely reacting based on these pre-existing values. 
2.4 Elaboration Likelihood Model 
The Elaboration Likelihood Model (ELM) describes persuasion as operating along one of two 
routes; the central route and the peripheral route (Bhattacherjee & Sanford, 2006; Cacioppo et 
al, 1983; Frewer et al, 1997; Hyland, 2010; Miller et al, 2003; MacDonald et al, 2015;  Petty & 
Briñol, 2015; Petty & Cacioppo, 1986). The route taken by the receiver of the message 
depends on their ability and motivation to process the message (Cacioppo et al, 1983; 
MacDonald et al, 2015; Rucker & Petty, 2006; Petty & Briñol, 2015; Petty & Cacioppo, 1986). 
The central route is more likely to be used when ability and motivation are high, and results in 
an evaluation based on a careful consideration of the arguments present in the message. The 
peripheral route is more likely to be used when ability and motivation are low, and results in an 
evaluation based on surface-level cues present in or around the message that impact positive or 
negative emotions (Bhattacherjee & Sanford, 2006; Cacioppo et al, 1983; Frewer et al, 1997; 
Petty & Briñol, 2015; Petty & Cacioppo, 1986; Rucker & Petty, 2006).  
 Individuals using either route can change their opinion based on the information 
received in the message (MacDonald et al, 2015; Petty & Cacioppo, 1986; Rucker & Petty, 
2006). However, opinions and decisions made using the thoughtful elaboration of the central 
route are often more long-lasting, stable, persistent, and less susceptible to counter-arguments 
than those made through the peripheral route (Bhattacherjee & Sanford, 2006; MacDonald et 
al, 2015; Petty & Cacioppo, 1986; Rucker & Petty, 2006). 
 The ELM goes past the assumptions in the deficit model as it acknowledges that 
people’s pre-existing attitudes and values about a topic are also important. An attitude is a 
“general evaluation people hold in regard to themselves, other people, objects and issues” 
(Petty & Cacioppo, 1986, p. 127). Attitude certainty is the degree to which people believe their 
held attitude is correct, or the extent of their conviction of the attitude (Rucker & Petty, 2006). 
Attitudes with great certainty, often formed through the central route of processing, are more 
likely to influence a person’s behavior and last longer than attitudes with low certainty (Rucker 
& Petty, 2006). Therefore, these pre-existing attitudes and values are likely to influence an 
individual’s motivation to process certain information, which will then influence the 
processing pathway used. Combining all these areas of literature, the current study aims to 
explore the role of values when communicating about GMOs through an ELM framework. 
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3. METHOD 
3.1 Objectives 
This study explores if aligning messages about GMOs with pre-existing audience values will 
lead to a greater chance of central processing, and subsequently, greater alignment with 
message-congruent attitudes. The research conducted in this paper will not only contribute to 
the literature about communicating agricultural science and about the ELM but may also 
provide practical recommendations about how the agriculture industry should communicate 
with different audiences. 
 In contrast to the deficit model of communication, the ELM states that people use pre-
existing values and experiences to help determine how to process information. Because the 
context of the study focuses on GMOs, the first research question seeks to assess the 
distribution of values participants use when evaluating GMOs. 
RQ1. How do participants rank the importance of the following value-arguments regarding the 
evaluation of GMOs: (a) more affordable food, (b) potential health impacts, (c) potential 
environmental impacts and (d) feeding the growing population value-arguments? 
 The importance of these value-arguments is likely influenced by a larger set of relevant 
values and identities. According to ELM, participants will use predetermined values to screen 
the information presented in the stimuli (Petty & Cacioppo, 1986; Rucker & Petty, 2006). 
Understanding these values could help predict how they will respond. The second research 
question seeks to explore how the four value-arguments correlate with the three value 
orientations in the Norm Activation Theory of Altruistic Behavior--egoistic, altruistic and 
biospheric—and an individual’s agricultural identity. 
 
RQ2. What patterns exist between the importance of GMO values and the larger egoistic, altruistic, 
biospheric value orientations and agricultural identity? 
 These larger value systems will also likely influence the initial evaluation and attitudes 
related to GMOs. The third research question explores which of these values is most influential 
in predicting related constructs of GMO attitudes. 
RQ3. Which of these prior value orientations are most influential in predicting (a) caring about 
GMOs as an issue, (b) support for GMOs and (c) certainty of opinions about GMOs? 
 The ELM predicts that the existence of relevant values will lead to greater motivation 
to process a message, which will lead to greater elaboration through the central processing 
pathway (Cacioppo et al, 1983; MacDonald et al, 2015; Rucker & Petty, 2006; Petty & Briñol, 
2015; Petty & Cacioppo, 1986). Central processing does not guarantee attitude change in a 
message-consistent direction (Bhattacherjee & Sanford, 2006; MacDonald et al, 2015; Petty & 
Cacioppo, 1986; Rucker & Petty, 2006), however, it seems likely that careful elaboration on an 
issue like GMOs where attitudes are somewhat malleable will more often lead to alignment 
with the persuasive direction of the message. Therefore, aligning the message with existing 
values will likely lead to greater motivation to process the message centrally and possibly 
attitude change as well. The following hypothesis predicts these relationships.  
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H1. A message supporting GMOs that is aligned with a participant’s preexisting value-argument will 
result in greater: (a) cognitive elaboration, (b) change in caring about GMOs as an issue, (c) change 
in support toward GMOs and (d) change in certainty of opinions about GMOs after exposure. 
 Because pre-existing value-arguments are likely correlated to the larger value 
orientations, a moderation relationship is likely. The final research question seeks to explore if 
any of these relevant interactions are predictive.  
RQ4. Will alignment with a participant’s pre-existing value ranking interact with egoistic, altruistic, 
biospheric value orientations or agricultural identity to moderate influence on (a) cognitive 
elaboration, (b) change in caring about GMOs as an issue, (c) change in support toward GMOs and 
(d) change in certainty of opinions about GMOs? 
3.2 Participants 
 The participants in this research were students in several general education classes 
within the Greenlee School of Journalism and Mass Communication at Iowa State University. 
Participants were sent a link to an online survey through their Iowa State University email and 
were offered extra credit for participation. There were 685 total responses collected. 
Participants who did not rank the values, didn’t answer the majority of questions or spent less 
than 30 seconds or more than 10 minutes reading the stimuli were excluded. This resulted in 
457 responses being removed with a final sample size of 228. The average age of participants 
was 19.73 with 73.7% of the participants being female. 
3.3 Variables 
Value orientations. Norm Activation Theory describes three general value orientations that 
guide how people evaluate issues. Altruistic, egoistic and biospheric value orientations were 
measured by asking participants to mark on a scale from 1 to 7 how important the potential 
consequences affecting a list of factors would influence their stance on a controversial issue. 
Factors included plants, marine life, whales, birds, trees and animals to represent biospheric 
values; children, humanity, people in the community and future generations to represent 
altruistic values; and my prosperity, my future, my lifestyle, my health and me to represent 
egoistic values (Swami, Chamorro-Premuzic, Snelgar, & Furnham, 2010). Larger values 
represent greater importance. The final variables were calculated by averaging each 
participant’s rankings within each group representing biospheric (M=5.11, SD=1.30), egoistic 
(M=6.15, SD=.81) and altruistic (M=6.23, SD=.74) value orientations.  
GMO opinions. GMO opinions represent three related but distinct factors (Funk & Kennedy, 
2016).  How much participants care about GMOs as an issue was measured on a four-point 
scale from 1 (not at all) to 4 (a great deal) (M=2.67, SD=.78). GMO support was a combination 
of two questions asking if participants supported the production and the sale of GMO foods on 
a four-point scale from 1 (strongly oppose) to 4 (strongly support) (M=2.85, SD=.72, rs=.92). 
How certain participants were of their opinions regarding GMOs was measured on a four-point 
scale from 1 (extremely uncertain) to 4 (extremely certain) (M=2.78, SD=.74). All of these 
measures were collected as part of the pre-test before participants were exposed to a stimulus 
message. 
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Alignment. Participants were asked to rank four value-arguments based on how important they 
are when evaluating GMOs: (a) more affordable food, (b) potential health impacts, (c) 
potential environmental impacts and (d) feeding the growing population. This ranking was 
used to randomly place each participant into either the aligned or unaligned condition. 
Participants in the aligned condition saw a stimulus based on their top ranked value-argument. 
Participants in the unaligned condition saw a stimulus based on their lowest ranked value-
argument. Random assignment created close to a 50/50 spilt between aligned and unaligned 
placement, however, after removing outliers, this skewed the results to aligned at 24.1% and 
unaligned at 75.9%.  
GMO attitude change. GMO attitude change represents how the previous three factors of GMO 
opinions changed after reading the stimulus. The questions asked were the same as the ones 
asked before the stimuli was presented, and a difference score was calculated where the 
relevant pre-test score was subtracted from the post-test score such that positive values 
represent a change in an increasing direction. How much participants care about GMOs as an 
issue after reading the stimulus (M=2.67, SD=.78) increased slightly (Diff=.14) as did GMO 
support (M=2.85, SD=.72, Diff=.06) and GMO certainty (M=2.78, SD=.74, Diff=.12).  
Elaboration. Elaboration represents how deeply participants thought about the information in 
the message and also represents a measure of central processing. One open-ended question 
asked participants to list any arguments they remembered from the press release. This question 
captured how much participants thought about what they were reading by whether or not they 
could identify key arguments (Neuman, 1976). A second open-ended question asked 
participants to list what they thought about while reading the release and encouraged them to 
write all thoughts including additional arguments or wandering ideas (Neuman, 1976). To 
reliably code this measure of elaboration, two coders trained on a codebook and tested 
intercoder reliability on an initial 20% of the sample (n=40). All variables were reliable at a 
Krippendorff’s Alpha of .714 or greater. After achieving reliability, a single coder finished the 
remainder of the responses. 
Agricultural identity. Agricultural identity represents how strongly an individual identifies with 
an agricultural lifestyle and was measured by combining four items. The first three items were 
taken from Alho (2015). Participants were asked whether or not the participant or a member of 
their immediate family works on a farm (24% said yes) and whether or not an extended relative 
works on a farm (71.1% said yes). They were also asked how often they interact with a farmer 
on a five-point scale from 1 (never) to 5 (on a weekly basis or more often) (M=3.69, SD=1.37).  
College major also represents a self-selection process relative to agriculture and was expected 
to correlate with the previous measures of agricultural identity. College major was collected in 
an open-ended question and coded into two groups based on if the major was related to 
agriculture and life sciences (14.5%,) or not (85.5%). In order to determine which majors 
belonged, listings from Iowa State University and the University of California Los Angeles 
were consulted (In the college of agriculture, 2017; Majors & Minors, 2017). Correlational 
analysis was conducted to ensure that college major did correlate to the other measures as 
expected. College major was significantly related to all three at 0.19 or above and all were at a 
significance level of 0.01. All four factors were combined to create a measure of agricultural 
identity. The single five-point scale was split and converted into a dichotomous measure so it 
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could be combined with the other dichotomous measures equally. The final combined variable 
was therefore on a scale of 0-4 with a higher number meaning greater agricultural identity 
(M=1.57, SD=1.05). 
3.4 Results 
The first research question asked what values participants used to form their opinions on 
GMOs. Feeding the growing population received 43% of the first-place rankings followed by 
potential health impacts with 38%. The other two values, more affordably priced food and 
potential environmental impacts, came in much lower for first place rankings but were 
dominant for second place. 
 The second research question explored the correlations between the participant’s 
chosen GMO value-argument and their larger values of egoistic, altruistic, and biospheric 
orientations and agricultural identity. A correlation analysis was conducted. 
 As expected, most of the value-arguments are negatively correlated with one another, 
such that ranking one value-argument as first makes it more likely that the others will be 
ranked lower. The egoistic, altruistic, and biospheric value orientations are all positively 
correlated, suggesting they are similar constructs. However, none of them correlate with 
agricultural identity, suggesting that it is independent from the other value orientations.  
 This difference continued in their relationships to the specific value-arguments related 
to GMOs. Within the egoistic, altruistic, and biospheric value orientations, only biospheric was 
correlated to any value-arguments. It is important to note that because the value-arguments are 
coded such that smaller numbers represent more importance (first place coded as 1), a negative 
correlation represents finding a value-argument more important. In the case of increasing 
biospheric value orientation, these individuals found health to be less important of a value-
argument and feeding the world to be more important. Agricultural identity correlated with 
different and a greater number of value-arguments than the biospheric value orientation. As 
agricultural identity increases, individuals found affordable food less important and potential 
health impacts more important. 
 The third research question explored which of the previous value orientations are most 
influential in predicting initial (a) caring about GMOs as an issue, (b) support for GMOs and 
(c) certainty of opinions about GMOs. This question was analyzed through a series of 
regression analyses where each of the previous variables from the pre-test served as the 
dependent variable and predictors were grouped into three blocks. The first block represented 
demographics and included gender, age and political ideology. The second block included the 
egoistic, altruistic, and biospheric value orientations. Finally, the third block included 
agricultural identity.  
 When it comes to caring about GMOs as an issue, a participant with a greater 
biospheric value orientation or a greater agricultural identity was significantly more likely to 
also care more about GMOs. For the measure of participant’s support for GMOs, again a 
biospheric value orientation and agricultural identity were significant predictors but in opposite 
directions. A greater biospheric orientation was associated with less support for GMOs while a 
greater agricultural identity was associated with greater support for GMOs. Finally, regarding 
certainty of opinions about GMOs, a biospheric orientation was no longer significant, but 
agricultural identity remained significant and both age and gender became significant 
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predictors. Greater agricultural identity was associated with greater certainty of opinions about 
GMOs as were older participants and male participants. 
 The first hypothesis proposed that a message supporting GMOs that aligned with a 
participant’s pre-existing value-argument would result in greater: (a) cognitive elaboration, (b) 
change in caring about GMOs as an issue, (c) change in support toward GMOs and (d) change 
in certainty of opinions about GMOs. Similarly, the fourth research question asked if 
alignment with a participant’s pre-existing value ranking interacted with egoistic, altruistic, 
biospheric value orientations, or agricultural identity to moderate influence on the same four 
dependent variables. 
Both this hypothesis and research question were analyzed through a series of regression 
analyses where each of the post-test or difference variables served as the dependent variable 
and predictors were grouped into six blocks. Interaction terms were created by multiplying the 
two variables of interest into a new interaction variable. The first block represented 
demographics and included gender, age and political ideology. The second block included the 
egoistic, altruistic, and biospheric value orientation. The third block included agricultural 
identity. The fourth block included the set of dummy variables representing which stimulus the 
participant read. The fifth block included the dichotomous treatment variable of alignment with 
a participant’s pre-existing value. 
 Finally, the sixth block included one of the interactions of interest. To avoid 
multicollinearity, only one of the interaction groups was included with each regression 
analysis. This resulted in three regression analyses--one including the interactions for the three 
value orientations and one including the interaction with agricultural identity --for each of the 
four dependent variables for a total of eight analyses. For ease of interpretation, all of the 
interactions for a single dependent variable will be reported in the same model.     
 The predicted influence of alignment with pre-existing values was not significant 
across all the dependent variables. Therefore, hypothesis 1 is not supported. Only two 
significant predictors were identified. Participants who saw the health stimulus and who had a 
greater altruistic value orientation were more likely to elaborate in the open-ended questions. 
While the true random assignment was between aligned and unaligned stimuli, it may also be 
instructive to examine how the variables of interest were distributed across the four possible 
stimuli. A series of ANOVA tests were run testing if the variables differed between the four 
stimuli focused on more affordable food (N=59), potential health impacts (N=55), potential 
environmental impacts (N=58) and feeding the growing population (N=55). 
 There was no significant difference between stimuli on egoistic, altruistic, or biospheric 
value orientations, agricultural identity or care about GMOs as an issue. GMO support was 
statistically different with more affordable food (M=2.54, SD=0.09) being statistically larger 
than potential environmental impacts (M=2.91, SD=0.09) and feeding a growing population 
(M=2.99, SD=0.09). Potential health impacts (M=2.69, SD=0.09) was also statistically larger 
than feeding a growing population (F(3,224)=5.13, p<0.01). For GMO opinion certainty, 
feeding a growing population (M=2.18, SD=0.79) was significantly larger than all three other 
stimuli; more affordable food (M=2.41, SD=0.72) potential health impacts (M=2.62, SD=0.78) 
and potential environmental impacts (M=2.66, SD=0.83; F(3,224)=5.51, p<0.01). 
4. DISCUSSION 
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This study explored how pre-existing values would influence attitudes about GMOs and if 
aligning messages about GMOs with these values would lead to a greater chance of central 
processing, and subsequently, greater alignment with message-congruent attitudes. GMOs was 
chosen as the topic because of its relevancy in modern agriculture and because the social 
debate extends far beyond the science to often focus on more value-based arguments about 
morality, economics or justice.   
 The objectives in the study were analyzed from an ELM standpoint because ELM 
recognizes how an individual’s personal values, previous experiences and opinions influence 
how they make decisions. When an individual receives new information, they rely on their 
values to help them screen the information and evaluate how to process it. Biospehric, altruistic 
or egoistic value orientations represent three ways individuals orient themselves to 
controversial topics. An agricultural identity represents yet another way individuals can orient 
themselves. 
 A pilot study, not discussed in this paper, was conducted prior to the final survey to 
identify the most relevant value-arguments individuals use to evaluate GMOs as well as to test 
the quality of the stimuli before using them in the final study. Data collected in the final study 
showed potential health impacts and feeding the growing population as the two most important 
value-arguments for participants when evaluating GMOs. It is interesting to note that the 
second highest value-argument, feeding the growing population, cannot be addressed by 
communicating more science—it is based completely on the underlying values of how much of 
a responsibility there is to feed other nations. This again highlights the important role values 
play in how a scientific issue is evaluated. 
 Pre-existing value orientation and agricultural identity influenced which of these value-
arguments were more important. Potential health impacts are more important for individuals 
who hold high agricultural identities but less important for individuals who hold high 
biospheric value orientations. Instead, individuals with high biospheric value orientations 
found feeding the world’s growing population to be more important. Likewise, individuals who 
hold high agricultural identities were less likely to find more affordable food an important 
value-argument.  
 Regarding the three value orientations, previous research found a biospheric orientation 
to be the most likely to have a statistically significant relationship with additional values and 
demographic variables, and that continues to be true with this research (Schultz, 2001; Swami, 
Chamorro-Premuzic, Snelgar & Furnham, 2010). The data suggests that these larger value 
orientations also influence how much they care about GMOs as a topic, support GMOs, and 
with what certainty they hold those opinions. Again, agricultural identity and biospheric value 
orientations were predictive of these opinions. Greater biospheric value orientations were 
related to greater care about the topic of GMOs but less support. This is not surprising because 
individuals with high biospheric values strongly weigh the impacts on the world itself, so 
participants with a high biospheric orientation may greatly care about the GMO issue but be 
against the production or sale of GMOs if they feel it will have large scale negative impacts on 
the world. 
 Agricultural identity had an even stronger and positive relationship to all four of the 
variables. Interestingly, the differences between the three value orientations and agricultural 
identity show that agricultural identity is an important orientation in its own right and should 
be measured separately. The orientation of agricultural identity did not correlate with any of 
the predetermined value orientations, and the answers of participants with a high agricultural 
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identity did not align with the answers of respondents with a high value orientation of any 
other kind. However, agricultural identity had a strong relationship with how much participants 
cared about and supported GMOs, how certain they were of those opinions and what value-
arguments they selected. It is possible that agricultural identity may align with other value 
orientations not measured in this study, such as the New Ecological Paradigm (Dunlap, Van 
Liere, Mertig & Jones, 2000), yet the current data suggests it may also represent a unique 
source of variance and should be incorporated into future research related to values or 
agricultural communication. 
 Taken together, these results suggest that knowing something about the larger value 
systems held by the audience, especially their level of agricultural identity, can help identify 
their initial attitudes toward the topic of GMOs and which value-argument they already bring 
to the topic as important, both of which can be used to craft a more effective message. 
 The hypothesis of this study expected that aligning a message to discuss GMOs relative 
to the most important value-argument held by a participant would increase a number of 
outcomes related to attitude change, yet none of these main effects were significant. This 
suggests that the expectations may have been too simplistic. While the previous results support 
the tenant of ELM that pre-existing values matter in how information is processed, they also 
suggest that these relationships are complex and that more research is needed.  
4.1 Limitations  
A number of limitations exist for this study. The student sample used represented a useful 
distribution of relevant attitudes and identities, however, a student sample can never be 
representative of the larger population, and it is possible a general population sample would 
have had more of a range in value orientations and GMO opinions. Given that the university 
where this research was completed is a land-grant university known for its agricultural 
programs, there may have been a skew toward knowing more about GMOs prior to the survey 
and having a pre-existing opinion on the topic. 
 One significant limitation is the number of participants who seemingly did not 
adequately participate. More than 67% of the full study sample was excluded for not spending 
a reasonable amount of time (more than 30 seconds or less than 10 minutes) reading the stimuli 
materials. This exclusion also significantly skewed the split between treatment groups, with 
more than 74% of the remaining sample being in the unaligned group. This skew was 
unexpected. Some exclusion is expected from a student sample that is likely participating 
solely for extra credit, but this large percentage was unexpected and limited the effect sizes that 
are possible to measure.  
 
5. CONCLUSION 
 
Agricultural identity was one of the strongest and most consistent predictors in this study. 
Future research should take into consideration agricultural identity as an important value in 
determining a person’s overall interpretation of any message that may activate such values, 
including GMOs. Other relevant topics could include other controversial topics in agriculture 
such as pesticide application or antibiotic use. Non-agricultural topics that may still find value 
in measuring agricultural identity include measuring political ideologies and consumption of 
certain goods such as hunting or fishing supplies. 
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 Incorporating agricultural identity in addition to the Norm Activation Theory value 
orientations would also be valuable in future ELM research. Because ELM recognizes a 
person’s previous experiences and ideas in shaping their thoughts on a topic, measuring those 
values and incorporating them into relevant models could be valuable to ELM researchers. 
 The impact of values plays a significant, but complex, role in the opinions and effects 
of messages regarding GMOs. These results further exemplify the deficiencies in the deficit 
model of science communication that assumes controversies about science are based on a lack 
of knowledge and that facts alone will reduce this variance. Instead, it is the existing variance 
of pre-existing values that drives many of these controversies, and communicators cannot be 
effective without recognizing and addressing these underlying causes. More research needs to 
be done to determine what value orientations and factors influence the likelihood of a person 
cognitively processing information. This research supports ELM findings that previous 
experiences, knowledge and values impact opinion formation and confirmed agricultural 
identity as a value orientation worthy of more research. 
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